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Abstract 
Energy sources such as oil, natural gas, and coal currently account for around 80% of the world’s primary energy consumption.  
Despite significant investments in renewable energy and energy efficiency, that Canada and others are making, the International 
Energy Agency (IEA) has forecast that as the global economy continues to grow, fossil fuels will continue to dominate the 
world’s energy supply for decades.  Reconciling the world’s ongoing reliance on fossil fuels with the need to reduce greenhouse 
gas (GHG) emissions is then one of our greatest challenges.  Canada is taking this challenge seriously with climate change 
policies that include enhancing our global leadership in advancing one of the most promising technologies for reducing GHG 
emissions from fossil fuel use: carbon capture and storage (CCS).  
 
CCS is only one of several technologies that must be deployed and is not a ‘silver-bullet’ for meeting Canada’s target of reducing 
its GHG emissions by 17% from 2005 levels by 2020.  Yet, CCS is one of the only technologies currently available for making 
emissions reductions from large-scale fossil fuel usage – and, thus, will be a critical component of the technology puzzle for 
Canada to meet its emissions reduction objectives. 
 
Canada has a number of key sectors where the deployment of CCS is needed and there are opportunities to advance the 
technology. These include coal-fired electricity plants, the oil sands, and natural gas processing (e.g. from the new development 
of shale gas) - though the opportunity and demand for advancing CCS technology also exists in other sectors such as chemicals, 
fertilizer, steel making, and cement.   
 
Federal and provincial governments in Canada are making substantial investments in CCS, committing upwards of $3 billion in 
public funding towards seven large-scale fully-integrated CCS demonstration projects.  The federal ecoENERGY Technology 
Initiative announced $151 million for the initial engineering and/or pilot stages of seven potential demonstration projects in 2008. 
The 2009 federal budget created Clean Energy Fund, which included $610 million for CCS demonstrations. The Provinces of 
Alberta, Saskatchewan, and British Columbia have also committed funding for demonstrations, in particular $2 billion by 
Alberta.  This public funding will leverage additional investment from industry, for projects that will each capture and store on 
the order of 1 million tonnes of CO2 per year, coming on-line starting in 2015 or sooner. 
 
This paper will provide an overview of Canada’s actions on advancing CCS deployment, with a focus on the CCS demonstration 
program and current R&D activities in Canada. 
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1. Importance of carbon capture and storage (CCS) in Canada 
Energy sources such as oil, natural gas, and coal currently account for around 80% of the world’s primary energy 
consumption [1].  Despite significant investments in renewable energy and energy efficiency that Canada and others 
are making, the International Energy Agency (IEA) has forecast that as the global economy continues to grow, fossil 
fuels will continue to dominate the world’s energy supply for decades [1].   
 
There is a similar story in Canada where fossil fuels currently supply the vast majority (88%) of the country’s 
energy needs and will continue to do so for several decades as it transitions to a low carbon economy [2].  Canada’s 
economic prosperity is also linked to being a major energy producer.  In 2008, 38% of energy produced in Canada 
was exported, primarily to the United States, which points to the increasing importance of Canada’s energy sector 
for continental energy security [2]. 
 
Canada has inscribed in the Copenhagen Accord a 2020 economy-wide target of a 17 percent reduction in 
greenhouse gas (GHG) emissions from 2005.  Reconciling Canada’s ongoing reliance on fossil fuels with the need 
to reduce GHG emissions is one of the country’s greatest challenges.  Canada is taking this challenge seriously with 
policies that include enhancing its global leadership in advancing carbon capture and storage (CCS).  As the leading 
technology available for making emissions reductions from large-scale fossil fuel use and production, CCS will be a 
critical component of the suite of GHG mitigation measures being undertaken in Canada.  
2. Opportunities and challenges 
Canada is a global leader in CCS, with governments, industry and non-governmental organizations all moving 
forward with CCS initiatives.  The provinces of Alberta, Saskatchewan, and British Columbia, in particular, are at 
the forefront of CCS development in terms of research, demonstration projects, and regulatory frameworks.  Other 
provinces such as Nova Scotia, Quebec, Ontario and Manitoba are also moving forward with CCS activities.   
 
Canada has experience with the various components of CCS from decades of analogous activities in the oil and 
gas sector that involve the capture, transport, injection or storage of liquid and gaseous substances.  Saskatchewan is 
home to the Weyburn-Midale Project, one of the world’s five fully integrated commercial-scale CCS projects.   
 
Canada also has a natural advantage when it comes to CO2 storage.  The Western Canadian Sedimentary Basin 
has excellent geological storage potential in close proximity to a concentration of large final emitters.  Preliminary 
estimates of storage capacity include 450 megatonnes (Mt) for enhanced oil recovery (EOR) opportunities in 
Western Canada and at least 3 gigatonnes of total CO2 storage in the province of Alberta alone [3,4].  Storage 
potential also exists in other parts of the country, such as Atlantic Canada. 
  
There are a number of key sectors in Canada where the deployment of CCS is needed and where there are 
opportunities to advance the technology.  These include coal-fired electricity, natural gas processing, and the oil 
sands.  The oil sands are Canada’s unique challenge for advancing CCS.  Unlike power plants, oil sands facilities 
have multiple point sources of emissions that vary in size and concentration of CO2.  Advancing CCS in this sector 
will be strategically important for addressing the overall environmental footprint of the oil sands sector.  The 
opportunity and demand for advancing CCS also exists in other sectors such as chemicals, fertilizer, and steel and 
cement production.   
 
Notwithstanding the work Canada is already doing, there remain several challenges facing the commercial 
deployment of CCS.  The foremost challenge is the high cost of CCS projects.  A financial gap currently exists for 
most commercial-scale CCS projects since the incremental costs for implementing CCS are higher than the potential 
economic benefits generated from the project.  Measures to narrow this gap include market-based or regulatory 
mechanisms, financial incentives, direct funding for demonstration projects, and investment into research and 
development to reduce costs.   
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The scale at which CCS will have to be deployed to achieve major emissions reductions is another challenge.  In 
Canada, around 4 million tonnes annually of CO2 and other acid gases are captured and injected into the subsurface 
[5,6].  While that puts us among the global leaders in demonstrating this component of CCS, rapid deployment of 
CO2 capture, pipeline and storage infrastructure will be needed.   
 
Given the unprecedented volumes of CO2 being contemplated for transport, injection and storage, there is a need 
to increase scientific understanding of the environmental impacts and risks of large-scale CCS activities.  There are 
still questions that need to be answered surrounding the environmental integrity of the injection and permanent 
sequestration of large volumes of CO2.  These include concerns over both the local and global environmental risks 
during the operational phase of a project as well as in the long term. 
 
To move forward with CCS projects, Canada, like other countries must resolve outstanding legal and regulatory 
issues.  Clear regulatory frameworks will provide the certainty companies need to make investment decisions about 
CCS.  Regulatory preparedness is also essential to building public acceptance of this technology as a long term 
GHG mitigation option for Canada.   
  
Public engagement is a crucial factor for advancing CCS.  Given the scale of required investments, the 
complexity of the required infrastructure and the proximity of CO2 storage sites to some communities, it is important 
to address public concerns regarding the risks and benefits of CCS projects.   
3. Canada’s action on advancing CCS  
Canada is building on a natural geological advantage for CO2 storage and a wealth of CCS-related experience 
from the oil and gas sector to advance CCS technology and address the abovementioned challenges facing CCS.  In 
2006, the Government of Canada in collaboration with industry published Canada’s CO2 Capture and Storage 
Technology Roadmap to help frame the discussion on CCS and to prepare a guidance document identifying 
technology strategies, processes and integration system pathways to allow CO2 to be captured and stored in Canada. 
[7].  The Technology Roadmap addressed both a near term market transition with considerations to near term 
growth and the retrofit needs as well as the 2015 and beyond for technology pathways requiring long term 
development, infrastructure planning and implementation.   
 
Subsequent to the publication of the Technology Roadmap, the Prime Minister of Canada and the Premier of 
Alberta established the Canada-Alberta ecoENERGY CCS Task Force CCS with the mandate to provide advice on 
how government and industry can work together to facilitate and support the development of CCS opportunities in 
Canada. In their report, Canada’s Fossil Fuel Energy Future: The Way Forward on Carbon Capture and Storage 
published in 2008, the Task Force recommended three immediate actions and six milestones for 2015 and beyond 
[3].  The immediate actions included recommendations that federal and provincial government allocate $2 billion in 
new public funding to leverage industry investments in the demonstration projects, that authorities responsible for 
oil and gas regulations should provide regulatory clarity to move the demonstration projects forward, and that 
federal and provincial governments should ensure opportunities for CCS projects under GHG regulatory 
frameworks as for any other qualifying emission reduction option.   
 
An industry-led Alberta Carbon Capture and Storage Development Council was subsequently established to 
develop an implementation plan for CCS in Alberta.  The Development Council’s final report was released in 2009, 
and its recommendations included a suggested financial investment between $1 to 3 billion per year from the 
Governments of Alberta and Canada to advance CCS deployment [4].   
 
In response to recommendations from these reports, Canada’s federal and provincial governments have 
committed, in the last two years, upwards of CAD 3 billion in funding for CCS. This funding is provided through a 
number of federal and provincial programs, such as the Government of Canada's recently created Clean Energy 
Fund, which provides nearly $1 billion over five years for clean energy research and demonstration projects, 
including CCS. 
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These investments support several interdependent initiatives focusing on reducing market barriers and realizing 
the full potential of CCS.  Key categories of action include: supporting innovation through development and 
demonstration of new technologies; accelerating deployment by establishing industry standards and reducing 
investment risks, building deployment capacity, and establishing and strengthening regulation; and facilitating 
information sharing by sharing best practices and knowledge and enhancing public awareness and acceptance. 
3.1. Research and Development 
Current science and technology (S&T) initiatives are focusing on advancing promising technologies to achieve 
long-term GHG reductions and strengthen Canada's clean energy technology capacity.  The existing federally 
funded programs support the research and development (R&D) that is complementary to industry, university, 
provincial organizations, and international partners.  Natural Resources Canada manages three major programs 
currently used as funding resources for energy science and technology in the federal government, namely the 
Program of Energy Research and Development (PERD), the ecoENERGY Technology Initiative (ecoETI) and the 
Clean Energy Fund (CEF).   
 
PERD is a long-standing fund devoted entirely to energy R&D, with an annual budget of about $52.7 million.  
PERD funds research and development designed to ensure a sustainable energy future for Canada in the best 
interests of both the economy and the environment. It directly supports energy R&D conducted or managed by 
federal government departments, and is concerned with all aspects of energy supply and use. One of the program’s 
strategic directions is to provide S&T to reduce emissions and the associated environmental impacts from 
centralized, combustion-based electric power generation and large industrial emitters.  This includes, among other 
areas, work on clean and efficient combustion for large-scale power generation and on CCS.  There are currently 
thirty-five R&D projects under this program cycle focused on mapping and investigating fuel processing 
technologies, designing, developing and testing of pilot-scale capture technologies, advanced power cycles, and the 
development of methodologies for assessing the containment and potential for leakage of geologically stored CO2. 
This program also supports the development of the North American Carbon Storage Atlas, one of the deliverables 
under the Canada-U.S. Clean Energy Dialogue. 
 
Initiated in 2007, ecoETI is federal program aimed at accelerating the development and market-readiness of 
technology solutions in clean energy, and fostering the next generation of clean technologies needed to break 
through to emissions-free energy production and reduced energy use. One of the program’s six priority areas is 
Clean Integrated Electricity in which clean coal and carbon capture and storage are sub-components.  ecoETI is 
structured to deliver a single, integrated research, development, and demonstration (R,D&D) program covering the 
innovation spectrum from basic research to near-commercialization of technologies.  The $230 million, five year 
initiative focuses on priority technology areas to support the development and demonstration of the next generation 
of clean energy technologies including clean coal and CCS.  This initiative has awarded $151 million towards the 
initial stages of seven projects, in particular for engineering studies and small field trials.  
 
Finally, the Clean Energy Fund, announced in the Budget 2009, has allocated $610 million over 5 years to co-
fund large-scale, integrated CCS projects.  The R&D component will fund a range of activities from basic research 
up to and including pre-demonstration pilot projects, in four areas including technologies to lower CO2 capture costs 
and increase knowledge on CO2 storage. 
3.2. Demonstration Projects 
Recognizing an economic gap that exists for CCS projects and the need to advance the technology now to 
maximize future GHG reduction opportunities, governments around the world are providing financial support for 
CCS demonstrations projects, and Canada is firmly among the leaders.  Federal and provincial governments in 
Canada have made substantial investments of over CAD 3 billion towards seven large-scale fully-integrated CCS 
demonstration projects.   
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Canada is already home to the Weyburn-Midale project in Saskatchewan – one of the first large-scale efforts in 
the world – launched in 2000. This project involves capturing CO2 emissions in North Dakota, transporting the CO2 
over 300 km across the Canada–U.S. border via pipeline and delivering it for EOR operations. This site also serves 
as the location for the IEA GHG Weyburn-Midale CO2 Monitoring and Storage Project. As a founding member of 
this initiative, Canada, and its many private and public sector partners, is contributing to one of the largest 
international CO2 measuring, monitoring and verification projects in the world. 
 
In 2008, the Government of Canada announced $240 million federal to co-fund the Boundary Dam CCS Project, 
one of the world’s first and largest CCS projects at a coal-fired power plant.  This fully integrated, commercial-scale 
project involves rebuilding an existing generating unit at SaskPower’s Boundary Dam facility to produce 140 MW 
of net clean power and capture up to 1 Mt per year of CO2 by 2015. 
 
Four additional large-scale Canadian projects were announced in 2009, three of which are co-funded by the 
Government of Canada and the Government of Alberta.  Shell Canada Energy, on behalf of the Athabasca Oil Sands 
Project, a joint venture among Shell Canada, Chevron Canada Limited and Marathon Oil Sands L.P., is advancing 
Quest, a fully integrated CCS project that will capture over one million tonnes of CO2 per year and transport it by 
pipeline to be stored safely and permanently more than two kilometres underground under thick layers of 
impermeable rocks.  This project will receive $120 million through the Clean Energy Fund, and $745 million from 
the Government of Alberta through their CCS Fund. 
 
The TransAlta CCS project involves the development of a large-scale CCS system attached to TransAlta’s 
Keephills 3 coal-fired power plant located near Edmonton.  It is estimated that up to one million tonnes of CO2 
emissions will be captured using integrated leading-edge, post-combustion, chilled ammonia capture technology.  
The CO2 will then be transported for use in EOR and to a permanent geological storage site, with the goal of 
demonstrating safe, secure, large-scale permanent storage in saline aquifers.  The Government of Canada will invest 
$342.8 million in the project through the Clean Energy Fund and ecoETI, and the Government of Alberta is 
investing $436 million from the CCS Fund.  Furthermore, Project Pioneer has been selected by the Global CCS 
Institute (GCCSI) to receive $5 million for its knowledge sharing activities. 
 
The Alberta Carbon Trunk Line project will include a fully integrated CCS system incorporating gasification, 
capture of CO2 emissions, transportation, storage and EOR. Enhance Energy will partner with North West 
Upgrading for the project and provide CO2 gathering and distribution infrastructure for the cost-effective 
management of CO2 emissions from facilities in Alberta’s Industrial Heartland and throughout central Alberta. The 
estimated 1.4 million tonnes, in the first phase, of captured CO2 from these sites will be transported via a 240-km 
pipeline to mature oil reservoirs in central and southern Alberta, where it will be injected for EOR.  The 
Government of Canada will provide $63.3 million for the project through the Clean Energy Fund and ecoETI.  The 
Government of Alberta will be investing $495 million. 
 
The Swan Hills Synfuels project will use an in-situ coal gasification (ISCG) process to access coal seams that 
have traditionally been considered too deep to mine. The coal seams, located about 1,400 metres beneath the earth’s 
surface, will be accessed through wells that are similar to conventional oil and gas wells. The ISCG wells will be 
used to convert the coal underground in its original seam into a clean synthetic gas known as syngas. The syngas 
will be piped to the Whitecourt area to fuel new high-efficiency combined cycle power generation for Alberta’s 
electricity market. The estimated 1.3 million tonnes of captured CO2 will be used for EOR in the Swan Hills area.  
The Government of Alberta will invest $285 million in this project. 
 
Finally, the Spectra Energy Transmission Fort Nelson CCS Project is designed to demonstrate the technical 
feasibility of injecting large volumes of sour CO2 into deep saline formations for permanent storage.  This project 
will capture an estimated two million tonnes of captured CO2 for a gas processing plant in British Columbia, and 
then inject it into deep saline formations more than two kilometres underground for permanent sequestration.  The 
Government of Canada will provide $32.4 million for the project through ecoETI.  The Government of British 
Columbia will invest $3.4 million. 
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Other government-funded pre-demonstration projects include the Husky CO2 Sequestration Project, which will 
capture CO2 from an ethanol plant and upgrader for CO2-EOR in heavy oil reservoirs, and the Aquistore Project, 
Heartland Area Sequestration Project and Wabamun Area Sequestration Project which are researching CO2 storage 
in saline formations.   
4. Sharing learning from CCS demonstration projects in Canada 
Knowledge sharing has been identified as central to a CCS demonstration program for accelerating technology 
development and driving down costs.  The learnings from this first wave of demonstration projects should be 
disseminated in order to reduce challenges for the next generation of CCS projects and to build a competitive 
advantage.  In this regard, the Government of Canada intends to create a knowledge sharing program for CCS 
demonstration projects in Canada to generate early benefits from these investments, such as demonstrate and 
evaluate the technical feasibility of CCS technologies, facilitate the implementation of the second wave of 
demonstration projects, drive costs down, build public confidence, and ensure CCS is commercially viable by 2020.  
This work will support and provide input to the knowledge sharing frameworks being currently developed by the 
GCCSI.  Given that this level of information has not been shared in the past, establishing such guidelines will pose 
several challenges such as concerns regarding the protection of the intellectual property (IP) and commercially 
sensitive information.   
5. Refining legal and regulatory frameworks 
Canada has decades of experience with the various components of CCS from its activities in the oil and gas 
sector.  A number of public-private-academic advisory groups and third party experts have reported that the 
regulatory frameworks in place for the oil and gas sector in Canada form a solid foundation for future regulation of 
CCS projects [3,4,7-10].  These groups and experts have also identified outstanding legal and regulatory issues and 
made recommendations on how to address gaps in federal and provincial legal and regulatory frameworks.  Through 
the Canadian CCS Network, federal and provincial governments are working together to facilitate the swift 
resolution of these outstanding issues. 
 
Regulatory mechanisms can serve as a key policy tool for encouraging the adoption of CCS.  In June 2010, the 
Government of Canada announced its intent to develop greenhouse gas regulations for coal-fired power plants.  
Starting in 2015, all new coal-fired power plants and units reaching the end of their economic life will have to meet 
a stringent performance standard, based on parity with the emissions performance of high-efficiency natural gas 
generation.  This standard could encourage investment in cleaner power generation technologies such as CCS.   
6. Public engagement and awareness are key to the acceptance of CCS 
The Government of Canada has a dual role with respect to public engagement and awareness; first, to explain the 
strategic importance of CCS to Canada’s economic and environmental objective and to communicate the value of 
federal investments in advancing CCS; and second, to proactively ensure the public has accurate, relevant and 
comprehensive information on CCS in general in order to address the current gap in CCS awareness and 
understanding.  The federal government is working with domestic and international stakeholders to effectively move 
forward in this area. 
7. Domestic and international engagement 
Another factor required for advancing CCS is the coordination and collaboration between the diverse set of 
players involved, such as national and sub-national governments, industrial sectors, researchers, international CCS 
institutions, non-governmental organizations, and the public.   
 
One important example of facilitating domestic collaboration and coordination in Canada is the Canadian CCS 
Network, made up of federal and provincial governments involved in CCS.  The Network was created to facilitate 
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the rapid deployment of commercial-scale CCS in Canada.  The Network’s objectives include: discussing technical, 
policy, regulatory, communications and economic issues of common interest; exploring common interests in 
proposed and existing CCS initiatives; becoming a one-stop, objective, technically-informed centre of information 
on CCS in Canada; sharing learnings and best practices, and develop common strategic approaches to technology, 
infrastructure, policy, regulatory and communication issues; and providing public education and outreach on CCS. 
 
Canada is also committed to working internationally to ensure that domestic efforts contribute to the overall 
global advancement of CCS, and vice versa.  The Government of Canada is a founding member of the Global CCS 
Institute and is active in organizations that deal with CCS such as the Carbon Sequestration Leadership Forum, the 
IEA, the Asia Pacific Partnership, the Major Economies Forum, the International Energy Forum, and the Asia 
Pacific Economic Cooperation.  It is particularly important for Canada to cooperate with the U.S., especially since 
common geology for CO2 storage could potentially facilitate cross-border CCS projects in the future.  To this end, 
CCS is one of the three main components to the Canada-U.S. Clean Energy Dialogue.  
8. Conclusion 
CCS has the potential to play a key role in helping Canada reduce its GHG emissions while supporting the 
sustainable development of key sectors in a global economy that will be increasingly carbon constrained.   
 
The Government of Canada is committed to advancing CCS given its current status as the leading technology for 
significantly decreasing emissions from fossil fuels.  However, there are a number of challenges to address to move 
towards commercial-scale deployment of this technology.  Addressing these challenges will require working with 
many stakeholders and levels of government.  Canada is committed to engaging with the diverse players involved in 
CCS, and many collaborative initiatives are already underway.  It is essential that the learnings from publicly funded 
demonstration projects in Canada help address these challenges and that the results are effectively shared. 
 
Moving forward, the Government of Canada will strive to maintain and enhance its global leadership on CCS by 
continuing work on demonstration projects and by advancing critical areas such as knowledge sharing, public 
engagement and R&D for next generation technologies.   
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